The provision of written information is a component of the informed consent process for research participants. We conducted a readability analysis to test the hypothesis that the language used in patient information and consent forms in anaesthesia research in Australia and New Zealand does not meet the readability standards or expectations of the Good Clinical Practice Guidelines, the National Health and Medical Research Council in Australia and the Health Research Council of New Zealand. We calculated readability scores for 40 patient information and consent forms using the Simple Measure of Gobbledygook and Flesch-Kincaid formulas. The mean grade level of patient information and consent forms when using the Simple Measure of Gobbledygook and Flesch-Kincaid readability formulas was 12.9 (standard deviation of 0.8, 95% confidence interval 12.6 to 13.1) and 11.9 (standard deviation 1.1, 95% confidence interval 11.6 to 12.3), respectively. This exceeds the average literacy and comprehension of the general population in Australia and New Zealand. Complex language decreases readability and negatively impacts on the informed consent process. Care should be exercised when providing written information to research participants to ensure language and readability is appropriate for the audience.
BACKGROUND
Patient information and consent forms (PICF) provide patients with written information about clinical research in which they may participate. Good Clinical Practice Guidelines state that providing an overview of the study's aims and potential risks and benefits is fundamental to the process of obtaining informed consent. For consent to be informed, the patient must understand the risks and benefits and make an autonomous decision to proceed 1, 2 . There are ethical and legal implications for enrolling patients in a study where they have not understood the information provided 3 . There is also evidence to suggest that patients over-estimate their understanding of PICF documents 4 .
The National Health and Medical Research Council's (NHMRC) National Statement on Ethical Conduct in Human Research in Australia states "consent should be a voluntary choice, and should be based on sufficient information and adequate understanding of both the proposed research and the implications of participation in it" 5 . The Harmonisation of Multicentre Ethical Review Reference Group provides generic templates for PICFs and states that the language should be readily understandable by a grade eight equivalent 6 .
In 2006, the Australian Bureau of Statistics and the New Zealand Ministry of Education undertook a survey designed to measure adult literacy and life skills [7] [8] [9] . The survey assessed prose literacy, document literacy, numeracy and problem-solving. Health literacy was derived from these four domains 10 .
The domains that aided the comprehension of health documents were: 1. Prose literacy: defined as the ability to understand and use information from various kinds of narrative texts. 2. Problem-solving: defined as goal-directed thinking and action in situations for which no routine situation is available. 3. Health literacy: defined as the knowledge and skills required to understand and use information relating to health issues such as drugs and alcohol, disease prevention and treatment, safety and accident prevention, first aid, emergencies and staying healthy. The results are detailed in Table 1 . Results from this survey demonstrate that a significant proportion of the population have problem-solving and literacy skills below level 3 or the "minimum required for individuals to meet the complex demands of everyday life and work in the emerging knowledge-based economy" 7 . This information must be considered when involving the general population in clinical research. language used in PICFs should be clear, concise and simple, in keeping with the recommendations made by the Guidelines for Good Clinical Practice.
Readability is defined as the "efficiency with which a text can be comprehended by a reader, as measured by reading time, amount recalled, questions answered or some other quantifiable measure of a reader's ability to process a text …" 11 . Readability formulas have been developed as one approach to assessing this characteristic. Two validated and widely used instruments are the Simple Measure of Gobbledygook (SMOG) 12 and Flesch-Kincaid 13, 14 scores. We hypothesised that when using these measures, the readability grade levels of PICFs used in anaesthesia research in Australia and New Zealand would exceed the grade eight standard proposed by the NHMRC.
MATERIAlS AND METHODS

Data sources
The Human Research and Ethics Committee at Melbourne Health granted exemption from ethical approval for this study. The Australian and New Zealand College of Anaesthetists Clinical Trials Group provided a convenience sample of PICFs from Australian and New Zealand-based anaesthetic research. Forty unique PICFs were obtained: 28 from Australia and 12 from New Zealand. Only studies from 2005 onwards were included. Studies were excluded if the target population was paediatric or a specialist audience (e.g. anaesthesia registrars).
Data analysis
PICFs were analysed using the SMOG and Flesch-Kincaid scores. These readability formulas are multiple regression equations that predict the reading ability required to understand a piece of text. They use a mathematical formula to analyse readability based on the number of words in a sentence and number of syllables in each word to produce a school grade level of readability (see Appendix for further details). For example, a score of 7.0 means the document should be understood by a person in grade 7.
An online calculator 15 was used to analyse all text from the PICFs that was relevant to the consent process and obtain the SMOG and Flesch-Kincaid scores.
RESUlTS
Analysis of 40 PICFs showed a range in readability scores of 11.7 to 14.6 and 10 to 14.4 when using the SMOG and Flesch-Kincaid formulas respectively. The lillifors variant of the Kolmogarov-Smirnov test demonstrated that the data was normally distributed. The mean score when using the SMOG formula was 12.9, with a median of 12.8. The mean score when using the Flesch-Kincaid formula was 11.9, with a median of 11.8 ( Table 2) .
All 40 PICFs analysed with either readability formula exceeded the grade eight level of understanding recommended by the NHMRC (Figures 1 and 2 ).
DISCUSSION
Results from our sample demonstrate that the language used in PICFs for research conducted in the field of anaesthesia in Australia and New Zealand exceeds the NHMRC recommended grade eight readability level. This is consistent with international studies of PICFs in other medical fields [16] [17] [18] [19] [20] [21] [22] [23] .
TaBlE 1
Results of Australian and New Zealand Literacy Survey, 2006, showing the proportion of the population who were regarded by survey developers as having literacy levels below the "minimum required for individuals to meet the complex demands of everyday life and work
in the emerging knowledge-based economy" 7, 9, 10 Australia New Zealand
Prose literacy below level 3 46% (~7 million)
44% (~1.2 million)
Problem solving below level 3 70% (~10.6 million)
67% (~1.78 million)
Health literacy below level 3 59% (~8.9 million) 57% (~1.5 million) The two readability formulas achieve different scores for the same document because they count syllables differently depending on which part of the world they were developed (SMOG from England, Flesch-Kincaid from the USA). Furthermore, the formulas use different criterion scores, which is the required level of comprehension as a percentage of correct answers on a reading test. For example, the Flesch-Kincaid formula uses a criterion score of 75%, while the SMOG formula has a criterion score of 100%, which is why the SMOG tends to predict higher scores 24 .
Key approaches to improving document readability include the use of plain, simple and nontechnical language. It is important to understand the demographic, level of education and cultural background of the intended audience. Tools to help improve the readability of health documents are widely available. A publicly available resource is the PRISM (Program for Readability in Science and Medicine) Readability Toolkit 29 . It advocates the use of readability formulas as a guide to using plain language, which they define as communication that an audience can understand the first time they read or hear it. This should be the goal for any author and is particularly relevant for patient information and consent forms used in clinical research.
Readability formulas provide a reproducible and objective measure of readability based on sentence length, word length and syllable count 24 . A clear limitation is that other factors such as poor grammar and punctuation, incomprehensible, vague and inconsistent sentences and typographical cues are not considered 25 . Design elements that contribute to the readability of a document such as spacing, font choice, text size and formatting are also not considered.
There are hundreds of different readability formulas available, each developed with a target population in mind. The FORCAST formula has been specifically designed for use in the armed forces, while others, such as the Hull formula, are specifically designed for assessment of technical writing. We chose to analyse the PICFs using the SMOG and Flesch-Kincaid formulas as they are easily accessible, reproducible and electronic. They are among the most widely studied in terms of validation, where they show a positive correlation with poor understanding of written documents 4, 13, 24, 26 . They also have a high correlation of 0.95 with each other 27 . They are also the most extensively used and recommended formulas for assessing the readability of health documents 28 . 
